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® Quick change sputter target assembly^ 

@ A sputter source of the type which relies on 
thermal expansion of an annular sputter target (110) 
to make good physical contact with a peripheral 
cooling wall is disclosed. Novel means is provided 
for . holding the sputter target in place in the source 
when the source and target are at ambient tempera- 
ture. In a preferred embodiment this holding means 
comprises sprl^ng means (44) which cooperates with 
a . groove (118) in either an inner or outer rim of the 
sputter target (110). By the application of a sufficient 
axial force on the target, the gripping force of the 



^spring means is overcome and the target can be 
00 removed or inserted. Also described Is a structure 
^ which can be used to retrofit the novel quick change 
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target into an existing sputter source. 
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QUICK CHANGE SPUTTER TARGET ASSEMBLY 



Sputtering, as a means to deposit thin films of 
a desired material on a substrate, is an old art 
which has become very important in the manufac- 
ture of semiconductor devices such as integrated 
circuits. In a sputtering system material to be de- 
posited on the substrate is removed from a sputter 
target by bombardment of the .target with ions. 
However; ion bombardment not only causes atoms 
or molecules of the target material to be ejected 
from the target, it also imparts thermal energy to 
the target. 

Normally, a sputtering system comprises a 
sputter source, a vacuum chamber, and means for 
positioning and holding the substrate in proximity 
to the sputter source.. A modern sputter source 
nornrially comprises a target from,vyhi.ch matei-ialjis 
to' be sputtered, means for holding the target in pl- 
ace, mearvs for creating a plasma in the vicinity of 
the target; means for causing ions in- the plasma to 
bombard the target. , and means for cooling the 
target to prevent overheating. 

Various means have been used in the past, for 
holding sputter targets in place in sputter sources. 
Such holding means must ensure that the target 
maintains good thermal contact with . the cooling 
means, in a vacuum environment this generally 
requires good physical contacts On the other hand, 
sputter targets must be replaced from time to time 
as the target material is renioved and the target is 
eroded away. Moreover, in. certain research ap- 
plications there is the need for frequent target 
changes so that experiments can proceed with 
different materials. 

The tirhe required to replace a sputter target 
and the method of replacement are often significant 
considerations to users of sputtering systems. The 
semiconductor' manufacturing industry is particu- 
larly sensitive to equipment "down-time", {i.e., the 
time a piece of production equipment is unavail- 
able) because of the disruptive and costly effects it . 
can have on an entire semiconductor fabrication 
line. Similarly, the method of target replacement 
should minimize the introduction of foreign material 
into the sputtering system's vacuum chamber to 
avoid possible contamination problems with the 
substrate.. 

In some prior art sputter sources, particularly in 
sputter sources designed to use planar targets, the 
sputter target is physically soldered to a cooling 
plate. VVhile this ensures good thermal contact it 
makes replacement of the target a difficult and 
time-consuming problen). In other designs, targets 
are physically bolted to a cooling means. While this 
makes target replacement somewhat easier, the 
thermal contact is not as good. There is a class of 



sputter sources having annular targets in which 
target cooling is accomplished by thermal contact 
between an outer rim of the target and a peripheral 
■ cooling wall. In such sources, good thermal contact 

5 is maintained between the target rim and the cool- 
ing wall by thermal expansion of the target. Exani- 
ples of such sources are shown in U.S. Patent Nos. 
4,100.055. 4.385,979. 4.457.825 and 4.657.654. 
When a sputter source of this type Is at ambient 

70 temperature the target is slightly smaller In diam- 
eter than the cooling wall, and- the^target moves 
freely in an axial direction. This makes target re- 
placement, much easier than in the types of sputter 
sources described in the preceding paragraph, 

15 However, when the source is in operation and 
heats, the target expands into good physical and 
thermal contact with the cobjihg wall. 

For a variety of reasons, sputter sources are 
often operated in a vertical or inverted orientation. 

20 ' To operate in such postures, sputter sources which • 
rely on target expansion to provide good physical 
contact with a cooling wall require an additional 
holding means to maintain the sputter target in Its 
proper position when the source is at ambient 

25 temperature. In the past, the additional holding 
means utilized have involved structures which must 
be screwed and unscrewed each time a target is 
changed. These prior art structures make sputter 
target changing a longer, more complex process 

30. than is desired, 

.One prior art solution to address the length of 
time it takes to change targets is shown in U.S. 
Patent No. 4.657,654 in which the additional target 
holding means comprises pins, mounted at the 

35 outer rim of the target, which cooperate with hold- 
ing slots. One disadvantage of this approach is the 
fact that target fabrication -becomes more expen- 
sive and complex due to the need to securely 
mount the pins, which are made of a different 

40 material than the sputter target, into the target 
material. The pin mounting must remain secure 
notwithstanding repeated temperature cycling of 
the system. 

Accordingly, it is an objeict of this invention to 
45 make it possible to quickly and easily change sput- 
ter targets in a sputter source of the type which 
relies on thermal expansion of an annular sputter 
target to provide physical contact with a peripheral 
cooling wall. 

50 Another object of this invention is to provide a 

quick change sputter target and source structure 
which minimizes the risk of contamination of the 
sputter system vacuum chamber. 

Yet another object of this invention is to pro- 
vide a quick change target and source structure 
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which can be easily retrofitte^PR) existing sputter- 
ing- systems. 

Still another object of this invention is to pro- 
vide a quick change target structure which can be 
used in a sputter source of the type described in 
U.S. Patent No. 4.457,825. 

The present Invention is directed to a sputter 
source of the type which relies on thermal expan- 
sion of an annular sputter target to make good 
physical contact with a peripheral cooling wall. 
Novel means are provided for holding the sputter 
target in place in the source when the source and 
target are at ambient temperature. In a, preferred 
embodiment of the invention the holding means 
coniprises spring means which cooperate with a 
groove in either an inner; or outer rim of the sputter 
target. By. the application of a sufficient axial force 
on the target, the gripping force of the spring 
means is overcome and the target can be removed 
or inserteci. . . ^ 

According to. one aspect of the invention, there 
is prdyicled: a spring means on either the' target or 
' the'cooling wall of the structure that' cooperates 
with a mating^ receptacle such as a groove or the 
like to hbid the target in place. * 

Also shown is a structure which can be used to 
retrofit the hovel quick change target into an exist- 
ing sputter source of. the type disclosed in the 
applicant's U.S. Patent No. 4,457.825 and which is 
sold commercially under the trademark 
"ConMag®". 

In order that the invention may be more readily 
understood, reference will now be made to the 
accompanying drawings, in which: 

Fig. 1 is a jDartial section of a prior art 
sputtering source. 

Fig. 2 is a partial section of a ring structure 
according to the present invention which can be 
used to retrofit the invention into a prior art sputter- 
ing source of the type shown in Fig. 1 . 

Fig. 3 is a partial section of a sputter target 
used in the present invention. 

Fig. 4 is a partial section of one embodiment 
of the present invention. 

Fig. 5 is a partial section of an alternate 
embodiment of the present invention. 

Fig. 1 shows a partial section of a prior art 
magnetron sputter source 5 of the type disclosed 
in U.S. 

Patent No. .4,457,825 and sold commercially 
under the trademark "ConMag®". Sputter source 5 
comprises a sputter target 10 having a face 12 
from which a desired material such as aluminum is 
.sputtered to form a thin film on a substrate such as 
a semiconductor wafer. Sputter target 10 has an 
outer rim 14 adjacent to a target cooling structure 
20. Target cooling structure 20 comprises a cooling 
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wall 24 for contactiPipSputter target 10 and plurality 
of channels 26 for circulating a cooling fluid, typi- 
cally water. ^ 

When target 10 and the remainder of sputter 
5 source 5 are at ambient temperature, i.e.. substan- 
tially below their opei'ating temperature, there is a 
sufficient gap (not shown) between target outer rim 
14 and cooling, wall 24 to allow the tai-get to move 
freely in the axial direction. However, when the 
10 sputter source 5 is in operation ion bombardment 
of the sputter-^target, 12 imparts thermal energy to 
the target 10 causing it to expand so that tai'get 
outer rim 14 . makes good physical, and thermal 
contact with, the cooling wall 24. Once good ther- 
15 mal contact between the target 10 and the cooling 
structure 20^ has been attained, the temperature of 
the target can be maintained by adjusting the flow 
and temperature of the cooling fluid through chan- 
nels 26. 

20 Target- 10 must- be properly and . precisely 

dimensioned so that-it nieetS' the, criteria .of .provid- 
ing, a :gap when, at ambient temperature but gppd. 
physical contact when heated.' to operating tehrir 
perature. Care hnust be taken to ensure that ther* 

25 mal expansion of the target does not cause too 
' much force between target outer rim 14 and cobl- 
. ihg wall 24 or there may be adverse effeqts such 
as target cracking. Where the material to be sput- 
tered has either a very low or very high coefficient 

30 of expansion, or is too fragile to withstand the force ' 
necessary to provide good thermal contact, a target 
assembly structure such as is disclosed in U.S. 
Patent No. 4.385,979. may be employed. 

Sputtering sources such of the type shown in 

35 Fig. 1 are typically operated in a vertical prienta- 
. tion. Accordingly,. it is necessary to hold the target 
in place while it is at ambient temperature. As 
shown in Fig. 1, in the prior art this was accom- 
plished by using a plurality, of set screws 30 which 

40 grip an inner rim 16 of the sputter target 10; Inner 
rim 16 may be sloped as is shovvn in Fig. l, or 
may contain a V-groove similar to V-groove 118 
shown in Fig. 3, to prevent axial movement of the 
target 10 vyhen the set screws 30 are tightened. 

45 When using a V-groove the V-groove Is positioned 
to accept the tips 32 of set screws 30. To avoid 
unwanted erosion and film . contamination, set 
screws 30 are shielded from ion bombardment by 
a combination of the overlap of sputter target face 

60 12 and shield 34! 

In prior art sputter sources of the type shown in 
Fig. 1. target replacement requires removal of set 
screws 30. Removal of these set screws, which 
number six (No. 4-40) in the commercial configura- 

55 tion of the CpnMag® sputter source, is a relatively 
time consuming process. Moreover, occasionally 
the set screws 30 gall causing additional delays in 
the target replacement process. 
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Fig, 2 shows an adapter ring 40 for retrofitting 
the present invention into a prior art sputter source 
of the type shown in Fig. 1. Adapter ring 40 is 
mounted in the sputter source 5 by using the 
existing set screws 30. Set screws 30 are tightened 
to securely fit within V-groove 48. Thus, in this 
embodiment set screws 30 now hold adapter ring 
40 rather than inner target rim 16. At* the outer 
periphery of adapter ring 40 are a plurality of 
sp rin,gs^^44^e ach of which comprises a protrusion 

Each spring 44 is mounted on adapter ring 40 
by a screw 42. 

'Fig, 3 shows a modified sputter' target 110 
designed for use with the adapter ring of Fig. 2. As 
compared to the sputter target 10 shown in Fig. 1. 
the inner rim 116 of the modified target is further 
recessed, i.e., is located more radially- outward 
relative to the central axis of the source, to provide 
* room for the adapter ring 40. Rg. 4 shows how 
target liO and adapter ring 40 cooperate to pro- 
\>ide a quick ' change target structure. Wheh sputteV 
target 110 is in place in the sputter soijrce 5, 
protrusion 46 of spring 44 Vests firmly in- V-groove 
118 in target inner rim 116, The gripping force 
exerted by spring 44 Is sufficient to hold target 1 1 0 
securely in place. However, by exerting sufficient 
axial force on target 110 one can overcome the 
force provided by spring 44 and cause the target to 
move in an axial direction. Thus, sputter target 110 
can be removed and replaced by the application of 
axial force, allowing such replacement to be ac- 
complished much more quickly. 

Adapter rmg 40 is removable from the source if 
it" is desired to return to the old mounting means, 
for example, to use up a supply of prior art sputter 
targets. 

While the invention has, been described in the 
context of an adapter ring 40 which is particularly 
useful for retrofitting existing sources to provide a 
quick change target structure, it is clear that a 
source could incorporate springs, for gripping the 
sputter target .^Jtiput jn jda^^^^ example 
of such a source, sRowing an alternate embodiment 
of the present invention is shown in Rg, 5. The Fig. 
5 embodiment not only shows a structure having 
springs 144 of an alternate design which are part of 
the sputter source 105 as constructed, it also 
shows that V-groove 218 can be made a part of the 
outer target rim 214. This approach has the minor 
disadvantage that it slightly diminishes the surface 
area of the cooling wall 124 which contacts outer 
rim 214. 

While Figs. 2. 3. 4 and 5 shov/ the use. in 
preferred embodiments of the invention, of protru- 
sions 46 and 146 having circular cross section, and 
V-grooves 48, 118. and 218, other configurations 
are easily substituted and should be considered 
within the scope of the present invention. For ex- 



ample, the circular cross section of protrusions* 46 
and 146 could be replaced by a shape having a 
substantially triangular cross section. Likewise, the 
V-grooves 48, 118. and 218 could be replaced by 

5 slightly sloping surfaces similar to the inner rim 16 
shown in Fig. 1. Moreover, ball springs could easily 
be used instead of the types of springs shown in 
FIGS 2, 4 and 5. However, ball springs are thought 
to be less desirable because they are more likely 

10 to introduce contamination into the sputtering sys- 
tem. Likewise, the protrusions of springs 44 could 
be of generally circular cross section rather than 
the substantially triangular .cross section shown in 
Figs. 2 and 4. 

15 The preceding description and accompanying 

drawings are intehded to be illustrative of the in- 
. vention and not lirniting. Various other modifications 
and applications .will be apparent to those skilled in 
the art without departing, from the true spirit and 

20 scope of the invention as" defined in the appended 
claims. 
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Claims 



1. A sputter source having a quick; change 
target from which material is sputtered comprising: 
a removable annular target (110) from which ma- 
terial is sputtered having an outer rim (114); 

30 . an annular cooling wall (24) adjacent to said sputter 
target (110): ^ ' ' 

the diameter of said sputter target being dimen- 
sioned such that the sputter target fits loosely 
within said cooling wall when said sputter target is 

35 at a temperature substantially below Its norma! 
operating temperature so that the target is easily 
inserted and removed from said source when it is 
substantially below its normal operating tempera- 
ture and such that said sputter target tightly con- 

40 tacts said cooling wall when the target is heated to 
its normal operating temperature, so that good 
thermal contact is maintained between said cooling 
wall and said .sputter target when said source is in 
operation; 

45 spring means (44) for releasably gripping said tar- 
get so that said target is held in place adjacent to 
said dooling wall while said cooling wall is substan- 
tially below its normal operating temperature, said 
spring means being actuated by axial force oh said 

50 sputter target whereby by said sputter target can 
be Inserted and removed from said spring means 
by said axial force. 

2. The sputter source of claim 1 further com- 
prising an inner rim (116), said inner rim being 

55 adapted to function in cooperation with said spring 
means (44). 
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3. The sputter source of^Wm 2 wherein said 
inner rim (116) comprises an annular V-groove 
(118) and said spring means comprises a plurality 
of members (46) which resiliently grip said V- 
groove when said sputter target is inserted in said 
source. 

4. The sputter source of cfaim 3 wherein each 
of said members comprises a spring-ioaded pro- 
truding surface (46) which extends into said V- 
groove (118) when said sputter target is inserted 
into said sputter source. 

5. The sputter source of claim 3 wherein each 
of said members comprises a spring having a 
protrusion (46) at least a portion of which rests 
within said V-groove (118) when said sputter target 
is inserted into said sputter source. 

6', The sputter source of claim 5 wherein said 
protrusion (46) has a substantially circular cross 
section. 

7. The sputter source of claim 5 wherein said 
protrusion (46) has a substantially triangular cross 
section. 

8. A sputter source having a quick change 
target from which material Is sputtered comprising: 
a removable annular target (110) from, which ma- 
terial Is sputtered having an outer rim (114) at the 
perimeter thereof, at least a .portion of said target 
outer rim being substantially parallel to the axis of 
said source, and an inner r\rr\ (116); 

an annular cooling wall (24) adjacent to said sputter 
target, a portion of said cooling wall being substan- 
tially parallel to the axis of said source and cor- 
responding to the target outer wall portion: 
the diameter of said sputter . target being dimen- 
sioned such that the sputter target fits loosely 
within the volume defined by said annular cooling 
wail when said sputter target is at a temperature 
substantially below its normal operating tempera- 
ture, and such that said sputter target tightly con- 
tacts said cooling wall when the target is heated to 
its normal operating temperature, so that good 
thermal contact is maintained between said cooling 
wall and said sputter target when the source is in 
operation and such that the target is easily Inserted 
and removed from said source when it is substan- 
tially below its normal operating temperature; 
gripping means (44) for releasably gripping said 
inner target rim so that said target is held in place 
adjacent to said cooling wall while said cooling wall 
is substantially below its normal operating tempera- 
ture, said gripping means being actuated by axial 
force on said sputter target whereby by said sput- 
ter target can be inserted and removed from said 
gripping means by said axial force. 

9. A sputter source having a quick change 
target from which material is sputtered comprising: 
a removable annular target (110) from which ma- 
terial is sputtered having an outer rim (114, 214) at 



the perimeter ther^ir at least a portion of said 
target outer rim being substantially parallel to the 
axis of said source, said outer rim corriprising a V- 

groove (218); 

5 an annular cooling wall (124) adjacent to said sput- 
ter target, a portion of said cooling wall being 
substantially parallel to the axis of said source and 
corresponding to the target outer wall portion; 
the diameter of said sputter target being dimen- 

70 sioned such that the sputter target fits loosely 
within the volume defined by said annular cooling 
wall when said sputter target is at a temperature 
substantially below its normal operating tempera- 
ture, and such that said sputter target tightly con- 

15 . tacts said cooling wail when the target is heated to 
its normal operating temperature so that good ther- 
nial contact is maintained between said cooling 
wall and said sputter target when the source is in 
.operation and such that the target is eaisily inserted 

20 and removed from said source when it is substan- 
tially below its normal operating temperature; 
gripjDihg means (144) for releasably gripping said 
outer target rim groove so that said target is held in 
place adjacent to said, cooling vyall while said cpol- 

25 trig wall is substantially below its normal operating 
temperature, said gripping means being actuated 
by axial .force on said sputter target whereby said 
sputter target can be inserted and removed from 
said gripping means by said axial force. 

30 10. An adapter ring (40) for use in a sputter 

source, whereby said sputter source is modified to 
permit the usis of quick change sputter targets, 
comprising: 

an annular ring having an outer rim (48) and being 
35 removably mountable in said sputter source in the 
same manner as a sputter target of the type nor- 
mally utilized in the sputter source; 
said outer rim having gripping means (44) for re- 
leasably gripping and holding a modified sputter 
40 target in place adjacent to a sputter source cooling 
means, said gripping means being actuated by 
axial force on said sputter target whereby by said 
sputter target can be inserted and removed from 
said gripping means by said axial force. 
45 11. The adapter ring of claim 10 wherein said 

gripping means comprises a plurality of springs 
(46). 

12. The adapter ring of claim 11 wherein said 
leaf springs comprise protrusions (46) adapted to 
50 sit within a V-groove (118) in an inner rim of said 
sputter target. 
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